The present study were, to estimate the small dense LDL (sdLDL) cholesterol levels and the Paraoxonase A in postmenopausal women and to correlate the sdLDL -C levels, PON1 activity with menopause. Materials and methods; Present study was carried out in a medical college hospital. Total 40 postmenopausal women were enrolled as cases. These cases were compared with 40 healthy premenopausal women. The parameters studied were small dense LDL-C, paraoxonse1 activity, and lipid parameters (Total cholesterol, triglyceride, HDL-C, LDL-C, and VLDL-C). Results and observation; In present study there is increased concentration of serum triglyceride (167.52 ± 68.79 vs. 118.95 ± 43.41 mg/dl) which is proven independent risk factor for atherosclerosis. The decreased suggest altered lipoprotein pattern. The increased concentration of TG is associated with increased sdLDL with no change in LDL-C levels suggesting the menopause related qualitative changes in lipoprotein metabolism. The presence of atherogenicsd LDL with hypertriglyceridemia in postmenopausal women suggest the enhanced lipid transfer reaction, leading to increased synthesis of triglyceride rich and cholesterol poor sdLDL. The significantly increased concentration of in postmenopausal women than premenopausal suggest greater atherosclerotic tendency as sdLDL have greater oxidative susceptibility, tendency to accumulate in circulation and lower affinity for LDL receptors. Paraoxonase1, the HDL associated, antioxidant and protective enzyme is found to be low (116.16 ± 76.59 vs. 206.55 ± 69.05U/L) in55postmenopausal women suggestive of decreased antioxidant defense after menopause. The decreased activity of PON1 could be due to lower levels of HDL-C. The decreasing PON1 activity was also found to relate with increased sdLDL.
Introduction
India, where most of the population is rural, experiencing a huge burden of cardiovascular diseases (CVD). In 2000 CVD accounted for 32% of all deaths and world health organization (WHO) estimates that 60% of the world's CVD patients will be Indian by 2010 (1) . In India nearly 1.5 million people die of CVD each year. India is www.jmscr.igmpublication.org Impact Factor (SJIF): 6.379 Index Copernicus Value: 71.58 ISSN (e)-2347-176x ISSN (p) 2455-0450 DOI: https://dx.doi.org/10.18535/jmscr/v6i7.138 suffering from a heavy loss of productive age group as the total burden of CVD is increasing. This is expected that by the year 2030 the loss due to CVD rise to 17.9 million people per year which is 9.4 times greater than that of USA (2) . The initial event which leads to the CVD is atherosclerosis. Atherosclerosis is a multistep, slowly evolving process. The process of atherosclerosis had started long before its consequences results. Studies have identified a number of important risk factors for atherosclerosis, including obvious one like male sex and increasing age. Some of the factors are modifiable and other non-modifiable.
Non modifiable
The non-modifiable factors are age, sex, family history and genetic factors. There is proven gender difference in the pattern of CVD, as the incidence of CVD is more in men than women, due to which for many years it was thought to be a men's disease. The CVD is the leading cause of mortality in women being responsible for 5 lacs deaths per year in USA, which is twice that of deaths due to cancer. It is also found that coronary artery disease is the single largest cause of deaths in postmenopausal women. (3) There are specific age related gender differences. The onset of CHD is delayed by some 10-15 years in women compared to men; thus ATP III defines age as a risk factor in women at age 55, compared to age 45 for men (4) . The reasons for the disparity in ages of onset of CHD between women and men are not fully understood. Nonetheless, patterns of risk factors often differ between men and women. For example, blood pressure, LDL cholesterol, and triglycerides, rise at an earlier age in men than in women. Moreover, HDL-cholesterol levels are on average some 10 mg/dl lower in adult men than in women. Since a 10-mg/dL difference in HDL cholesterol is projected to account for a 20-30 percent difference in CHD event rates over the short term, this difference over the adult lifespan could account for a significant portion of the gender disparity between men and women. The menopausal transition is proved to be associated with decrease in HDL-Clevels. Furthermore the menopause in itself a risk factor for atherosclerosis There is increased prevalence of hypertension and dyslipidemia after menopause. (6) The lipoprotein profile of postmenopausal women is characterized by increased levels of low density lipoprotein (LDL), Lp(a), triglyceride, total cholesterol, and decreased high density lipoprotein (HDL) cholesterol levels. Moreover, triglycerides appear to be an even more powerful and independent risk factor in women than in men. The lipoprotein pattern of postmenopausal women characteristically shows predominance of specific LDL subclass, small dense LDL (sdLDL). It is proved that as age advances the level of serum sdLDL particles also increases in women. (7) A commonly cited reason for the gender difference is a protective effect of estrogen in women (8, 9) . Oral estrogens increase HDL cholesterol and decrease LDL cholesterol. Oral estrogens do not mimic the physiologic role of endogenous estrogen, which is released into the systemic rather than the portal circulation (10) . The anti-atherosclerotic effect of estrogen is probably due to its beneficial influence on lipid metabolism. The estrogen has an antioxidant activity. Thus, after menopause there may be increase in lipidper oxidation and formation of reactive oxygen species. This increased4oxidative stress may lead to endothelial injury and increased lipoprotein oxidation including HDL. This ultimately leads to accumulation of oxidized LDL in the sub endothelial space leading to atherosclerosis (11) . In premenopausal women, estrogen is involved in the inhibition of apoptosis. (12) Thus, uncontrolled apoptosis may be the reason for increased CHD risk in postmenopausal women. Other effects which are related to estrogen are inhibition of endothelial hyperplasia, reduced arterial impedance, enhanced production of prostacyclins and increased insulin sensitivity. (12) 
Paraoxonase 1
The purified serum PON 1 have a molecular mass of 43-45 kDa and contains as many as three carbohydrate chains accounting for 15.8 % of the weight. PON 1 is synthesized and secreted by liver. PON1 activity is present in newborn and premature infants at about half that of adult. The PON 1 level and activity increases up to 7 years of age. (27) Adult level reaches approximately 7year after the birth and remains constant throughout life.PON1 is associated with HDL particles and is believed to contribute to anti-atherogenic properties of HDLs. (28) PON 1 is anchored to HDL through apo A1 and it is extremely difficult to remove apo A1 from PON 1 during10 purification of serum PON 1 (29) . PON 1 is not present in low density lipoprotein (LDL) or very low density lipoprotein (VLDL), indicating a specific interaction with HDL, may be due to apo A1. The protection offered by PON 1 against atherosclerosis is proved as atherosclerotic lesions reduced in human PON1transgenic mice. (30) Association of PON 1 with HDL through apo a1. There are two major and common polymorphisms found in the PON 1coding region. First glutamine → arginine substitution at position 192 i.e.(Q192R), and second leucine → methionine substitution at position 55 leadingto (L55M). (31) The L55M polymorphism affects the PON 1 protein concentration and Q192R greatly affects the PON 1 activity.PON 1 plays a crucial role in metabolizing certain xenobiotics. But as some of these compounds do not occur in nature, the question which is still unanswered is regarding the natural substrate for Paraoxonase 1 and is the possible physiological role attributed to PON 1. (32) The all three PONs playsan important role in maintaining low oxidative stress and therefore in the prevention of atherosclerosis. (33) The menopausal stage is associated with hormonal and metabolic changes. The menopause associated dyslipidemia and increased oxidative stress are thought to be the frontrunners. The small dense LDL, the most atherogenic subclass was revealed to be increased in postmenopausal women. The antioxidant HDL associated enzyme paraoxonase1 proved to be decreased after menopause. Hence we are examining, the relation between sdLDL-C concentration and PON1 activity with menopause and, whether these two factors are the most important determinants for the increased CHD risk in postmenopausal women.
Aims and Objectives
The aims and objectives of present study are, 1) To estimate the small dense LDL (sdLDL) cholesterol levels in postmenopausal women 2) To estimate the Paraoxonase 1 activity in postmenopausal women. 3) To correlate the sdLDL -C levels, PON1 activity with menopause.
The parameters analyzed in the study are, 1) Serum small dense LDL cholesterol 2) Serum Paraoxonase 1 activity 3) Serum total cholesterol 4) Serum triglyceride 5) Serum high density lipoprotein cholesterol 6) Serum very low density lipoprotein cholesterol 7) Serum low density lipoprotein cholesterol
Material and Methods
The present study was carried out at Medical College hospital. Patients attending OPD of this hospital were selected. A total 80 female subjects were included in this study. These 80 subjects were divided into cases, consists of40 postmenopausal women and controls consists of 40 healthy premenopausal women from the general population, having same socio-economic conditions as that of the cases. Blood Collection: Fasting blood sample was collected from the subjects. Blood was allowed to clot and then centrifuged for serum separation. The serum was used for estimation of sdLDL-C, PON1 activity and Lipid profile. The serum variables were analyzed using ERBA smart lab Auto analyzer.
Observation and Result
The present study was carried out at medical college hospital. Total 80women were enrolled for the study. These 80 women were then divided into two groups, 40 postmenopausal cases, and 40 healthy premenopausal controls. The parameters studied were Small dense LDL-cholesterol (sdLDL-C)
Paraoxonase 1activity
Total cholesterol, Triglyceride, HDL-Cholesterol, VLDL-Cholesterol, LDL-Cholesterol The results of cases were compared with controls. There is significant negative correlation between small dense LDL cholesterol and paraoxonase1.
Correlation coefficient, r = 0.496 P < 0.001
There is significant positive correlation between triglyceride and sdLDLC levels in cases.
Correlation coefficient, r = 0.237 P < 0.05
There is significant but weak positive correlation between paraoxonase1 activity and HDL-C levels in case Correlation coefficient, r = -0.348; P <0.001
The serum paraoxonase1 activity is significantly negatively correlated with the age in cases
Discussion
Menopause is associated with many hormonal and metabolic changes (23) . alteration in lipoprotein profile is one of them. dyslipidemia in postmenopausal women is characterized by increased levels of circulating total cholesterol, triglyceride, VLDL-C, LDL-C mainlysd LDL -C, subsclass of LDL and decreased HDL-C levels.
(Present study clearly shows the menopause related changes in the lipoproteins with increase in triglyceride, mainly sdLDL-C, and decrease in HDL sdLDL-C levels in postmenopausal women. The decreased antioxidant defense due to decreased activity of PON1 further deteriorates the condition leading to increased risk for CHD in postmenopausal women. Present study clearly shows the menopause related changes in the lipoproteins with increase in triglyceride, sdLDL-C and decrease in HDL-Cleves in postmenopausal women. The decreased antioxidant defense due to decreased activity of PON1 further deteriorates the condition leading to increased risk for CHD in postmenopausal women. Circulating total cholesterol, triglyceride, VLDL-C, LDL-C mainly sdLDL-C, subclass of LDL and decreased HDL-C levels. (22) Due to these changes, postmenopausal women are more prone to develop CHD than the premenopausal. The increased levels sdLDL-C, of are characteristic of menopause. (27) The sdLDL is a subtraction of LDL with smallest size and largest density. Duet the small size, these particles retained for longer time in circulation and can easily penetrate the vascular endothelium. These features make sdLDL the most atherogenic lipoprotein subclass and its increased levels can signify the increased risk of atherosclerosis. (26) Paraoxonase 1 is a HDL associated enzyme. The antioxidant property of HDL is mainly due to PON1. The PON1 inhibits the LDL and HDL oxidation and therefore is a strong protective and anti atherosclerotic enzyme. (20) The present study was carried out in a medical college hospital. Total40 postmenopausal women were enrolled as cases. These cases were compared with 40 healthy premenopausal women. The parameters studied were small dense LDL-C, paraoxonse1 activity, and lipid parameters (Total cholesterol, triglyceride, HDL-C, LDL-C, and VLDL-C). The present study, demonstrate significant changes with lipoproteins unhealthy postmenopausal women. There is significant increase in triglyceride levels with decreased HDL-C levels in postmenopausal women. These changes in postmenopausal women are accompanied with the significant increase in sdLDL-C, which is the most atherogenic. Smaller and denser subclass of LDL and decrease in serum activity of PON1 can protect both LDL and HDL from oxidation. in present study serum concentration of total cholesterol and LDL cholesterol does not differ between pre and post menopausal women. This suggests, when only quantitative aspect of cholesterol metabolism are considered, it does not show any disturbances due to menopause. Thus, though LDL-C is the primary risk factor for CHD, the postmenopausal women not appear to have increased risk. However, when qualitative modifications fold sdLDL-C are taken into account, it shows a completely different picture.
The postmenopausal status appears to be associated with presence of increased sdLDL-C, This sdLDL-C, is a proven risk factor for the coronary disease. The increased level of triglyceride (167.52 ± 68.79 vs. 118.95 ± 43.41mg/dl) and decreased HDL-C (30.92 ± 7.47 vs. 36.67 ± 7.94 mg/dl) strongly reflect the estrogen deficiency state. The effect of menopausal transition 46 state over lipoprotein metabolism was shown by Matthews K.A. (30) in 541women who followed over 2.5 years. Similarly, Jensen J, (31) in a 2-3 year longitudinal study of initially premenopausal women, found that the serum levels of total cholesterol, triglyceride and LDL-C were significantly increased while HDL-C levels were decreased in postmenopausal women. Findings of these studies show the acute effects of estrogen deficiency at premenopausal period during transition from pre to post menopause. Age is an important and independent irreversible risk factor for atherosclerosis and CHD. But Stevenson J C (32) in the study of 542 healthy postmenopausal women showed age, BMI and other potential confounding variable independent changes in the midst of lipoproteins with higher concentration of total cholesterol (increase of 14%) serum triglyceride (12%increase), LDL-cholesterol (27% increase), and lower concentration of HDL2-cholesterol (27% decrease) as compared to premenopausal women, underlining the important role played by menopausal transition in determining the CHD risk in postmenopausal women, Age is an important and independent irreversible risk factor for atherosclerosis and CHD as per our study. These findings were further strengthened by the observations of Poehlman E T (33) showing a significant decrease in HDL-C levels and47 increase in serum levels of LDL-C and fasting triglyceride level in 38 healthy middle aged women during their transition from pre to post menopause over 6year period. These lipoprotein changes are associated with decreased concentration of estrogen after menopause (21) . In present study the sdLDL Cholesterol levels in cases (62.87 ± 17.90) were increased significantly as compared with controls (34.25 ± 14.39). The finding is similar to the study of Elena vatic et al (27) which is the most closely matched study to present study. Ernst J Schaefer (22) like us found that the peak particle size of LDL was reduced significantly in postmenopausal women48than the premenopausal women. The increased concentration of sdLDL-C in present study which is associated with no change in total cholesterol and LDL-C levels suggest the qualitative change in lipoproteins after the menopause. The higher levels of sdLDL which has proven atherogenic potential, (34, 35) with increased triglyceride and decreased protective HDL-C contribute to increased risk orchid after the menopause. The positive correlation (r= 0.496, P < 0.001) between sdLDL -C levels with serum triglyceride concentration is very much analogous with the study of McNamara et al (36) Akihiko Takatsuki (25) also found the similar results with increased sdLDL particles with hypertriglyceridemia in postmenopausal women. The increased concentration of sdLDL in postmenopausal women also points towards the role of estrogen in the synthesis and metabolism of these particles. The Estrogen therapy after menopause shown to reduce the concentration of sdLDL (24) in the circulation but the precise mechanism of this reduction has not been evaluated The genetic inheritance theory put forwarded by Austin M A (37) also support our finding of increased concentration of sdLDL-C in postmenopausal women. Study shows among postmenopausal women and among men over 20 years of age, 44% of population expected to express the predominance of sdLDL. The phenotypic expression of sdLDL can be affected by age. The significantly decreased paraoxonase1 activity in postmenopausal women (116.16 ± 76.59) compared to premenopausal (206.55 ± 69.05) suggest decreased antioxidant defense after menopause. The decreased levels of HDL-C in our study are significantly related to decreased activity of PON1. Our results are very much similar to the findings by Selahattin Kumru et al (29) , with decreased activity of PON1 in elderly women compared to younger. The postmenopausal decrease of estrogen may indirectly affect the PON1 concentration and activity. The postmenopausal decrease inPON1 activity was also seen in the study of Ata Topcuoglu. An age dependency of PON1 is clearly seen in present study, showing strong negative correlation with age (r = -0.348). Lidice Seers et al (28) also found the similar correlation in the elderly women. Present study clearly shows the menopause related changes in the lipoproteins with increase in triglyceride, sdLDL-C and decrease in HDL-Cleves in postmenopausal women. The decreased antioxidant defense due to decreased activity of PON1 further deteriorates the condition leading to increased risk for CHD in postmenopausal women. Study the strong negative correlation (P <0.01) found between the serum levels of sdLDL-C and PON1 activity.
The present study is an observational study, it has major and distinctive strengths including contemplated to be first the study in postmenopausal women determining the effect of menopause sdLDL-C and PON1, the atherogenic tendency is judged by more specific LDL subclass sdLDL. We have not done the serum estrogen levels, which will restrict our conclusion. Further larger studies are required to confirm the results.
Conclusion
The present study demonstrates that the postmenopausal period is associated with significant changes in lipoprotein like increased triglyceride and decreased HDL-C concentration. Furthermore these changes are accompanied by increased sdLDL-C and decreased protective PON1. The decreased activity of PON1 could be due to lower levels of HDL-C. The decreasing PON1 activity was also found to relate with increased sdLDL these alterations in postmenopausal women suggest increased risk for CVD. 
